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SUMMARY

A series of tests has teen made with a gingle—cylinder engine in
order to determine the effect.on volumetric efficiency and on engine
performance of changing the ratio of exhaust-valve flow capacity to
inlet-valve flow capacity when operating with exhaust pressure equal to
inlet pressure. It was found that, within the range of gpeeds used,
the engine gave best performance with valucs of the ratio of exhaust—
valve flow capacity to inlet-valve flow capacity approximately equal to
unity. This value corresponds to inlet and exhaust valves of approx-— L
imately equal diameter and 1lift. It was also found that conventicnal
valve timing gave better performance than any of the other timing ar- |
rangements tried, except at speeds higher than those used, where it
appeared from the trend of the curves that delaying the inlet-valve’
closing would increase volumetric efficiency and mean effective pres—
sures, o : BRI

INTRODUCTION

“One of the factors which limit the output of a four-stroke engine
is the restriction to flow Presented by the inlet and exhaust systems.
The greater part of this restriction to flow usually is"found in the’
vaelves and ports. Although other parts of the flow passages may also
restrict the flow, these passages can usually be made larger to elimi-—
nate the restrictions. Increases in valve sizes, however, are limited
because there is only a limited amount of space available for valves
in the combustion chamber of a given engine and an incresse in the
diameter of the inlet valve can be made only at the expense of exhaust—
valve size, or vi¢e versa. Figure 1 illustrates this probiem for the
case of a typical aircraft—engine cylinder. = -

-
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Analyticel solution for thé best compromise between inlet— and
exhaust-valve size is extremely difficult. The best approach appears
to be through experiment. An experimental procedure which was consid-
ered was to test various cylinders, each having a different ratio.of ...~
inlet— to exhaust-valve diameter but being geometrically the same in
all other respects. Such @ procedure was rejected as both expensive
and time consuming. Experiments in which the effects of changes in
inlet— and exhaust~valve diameters are simylated by changes in inlet—
and exhaust-valve lifts offered a- quicker and less expensive means of
investigating the problem, and this method was usgd in .the present
research. en o T v ’

4 method of eimuleting changes in valve diameter by changing valve
1ift is suggested by the application .of the orifice equation for an in—-
compressible fluid to the flow through & pouppet valve (see reference 1):

M =KD? cav/Zia' .

where':

M maséErété,of fiéw  :

K | a coeffié&ent:dépendiﬂg on wnits snd on fluid density
D valve outside diameter |

C,y, the valve flow coefficient averaged over the valve opening period .

Op pressure‘drqp across the valvé

It is evident from the foregoing expression that the average flow
coefficient will vary as the valve lift is changed. In this investi~
gation changes in the product Dacav were sccomplished by chenging
valve lift, and it was assumed that the result, as far as flow was con-
cerned, would be the same as if the same values of D2Cg, had been
obtained by changing the valve diemeter D. This assumption is’ Justi~
fied vy the.experimentsfreportad~in reference 1, which showed that ‘
when an engine was operated with various combinations of inlet-valve
diameter and 1ift, the volumetric efficiency could be expressed.as a
function of the following paramster: S -

Piston speed X (pistan diameter)a

Velocity of sound X'chag’ for the inlet valve
in inlet air
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In the work of reference l; the exhaust valve was large compared with
the inlst valve, and, tharefore the chief restriction to flow was proba—
bly the inlet valve itself. Short inlet and exheaust pipes were used,

28 in the present tests, to prevent dynsmic disturbances. Reference 1
showed that, as far as the inlet valve is concerned, it is immaterial
to engine performgnce whether a given change in the product IRCay -~ is

produced by a change in valve diameter or by a change in average flow
coefficient.

The average flow coefficient C,, (seé reference 1) is obtained

by making steady-flow tests through the valve and port at various lifts,
at a pressure difference of 10 inches of water. These results are

translated into a curve of flow coefficient against crank angle by means
of the curve of valve 1ift against crank angle. The average flow coef—
ficient 1s the average ordinate of -the latter curve, The oroduct Dgcav

is hereafter Lermad the "flow capaclty of the valve.,'

an¢ne tests w1th varying valve dismeter and 1ift, comparable with
those described for the inlet valve, have not been carried out for the
exhaust valve. It may be aasumed however. that the flow through the
exhaust velve will also a@pend on DFCaV if the flow coefficlents are
determined under the conditions of flow existing during the exhaust
process.

- The exhaust valve operates in both the sonjc and the subsonic flow
regions. Hu (reference 2) showed that for sonic flow in the exhsust
valve the flow coefficients were essentially constant for cylinder preg-
sures ranging from 28 to 80 rounds per square inch abgolute when the
back pressure was lh., pounds per square inch absolute. Later work
("Investigation of Exhaust Valve Design Using Steady Flow," by Harold J.
Weiss and Yet Lin Yee, M.1.T. Thesis, B.S. degree, 1943) showed that
the flow coefficients obtained by subsonic, stesdy-flow tests were in
close agreement with the flow ccefficients determined by Hu under sonic-
flow conditions. It is concluded, therefore, that éxheust--valve flow .
coefficients are substantially independent of pressuiré and flow condi—
tions, and that cocfficients determined by subsonic, steady-flow tests
at low pressure differvence can be applied to the exhaust procees. Thus,
it seeme reasonable to assume that the "flow capacity" may be used for
the exhaust valve in the same menner ag for the inlet valve in simulat—
ing the effﬂot of changing valve diameter by means of the valve lift..

The investigation hcrcxn described was conducted to’ determine the
best compromige between inlet— and exhaust-valve gize for” maximum air
flow and power output. The objects of the investigation were (1) to
determine the effect on air flow and power output of simultaneously

‘=z the flow capacity of the inlet and exhaust valves of an

‘ma cylinder and (2) to determine the effect of changing
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inlet~ and exhaust~valve timing on®thé" air Tlow-and power output of an
engine.operated with. severa; combinat!ons of 1nletw and exhauSU—vdlve
flow capac¢t1es v T : ST

L]

The tests were made at the Sloan Laboratorwes of the Massacnusetts‘f
Institute of Technology under the-sponsorship and with-the finencial-
asgsigtance of the Netional Advisory Committes for Aeronautics. :

;- DESCRIPTION OF APPARATUS

The englne usea conelsted of kA typlcal aircraft cyllnder of 513'*v;‘

1nCh ere mounted on a specx@l 51ngle~cy11nder crankcsage (flg. 2). The .
stroke was 5.% inches, and the compréssion . ratio was 5.5. Ag shown in..:
figure 1, both valves had an outside dlameter of -2 .218 inches. Speclal
rocker arms were constructed which provided a means of changing the

lifts of the inlet and exhaust, valves (flg 3). A special .camshafi wes
used’ wnlch ‘hasg two ‘convenient ieatures. (1) the inlet and exnaust cams ..
are separa e and may be cLamped in any'poaitlon for tne purpose of . vary—
ing valve timing (see figs. 3 and h);. (2). the cams are easily removed

and replaced with camg of different proflle. A schematlc diagram of the .
engine setup is shown in figure 5. N

Air wes supplied to the engine from a compressed-air line and vas
passed Lhrou zh an orifice meter and a surge tank into a steamrJacheted _
vaporlz¢ng tank, where the fuel was 1ntroduced "The rvesulting dry fuel—'
air mlxture was then paSSed through a large, short inlet pipe to the
inlet port of the cylinder. The exhaust gases Were passed through a
short pipe and a large eurge tank into the laboratory exhaust systenm,
The reason for using short 1nlet and exhaust pipes was to avoid effectu
due to inertia of the gaeee

The cdllnder coollng air was supplied by a large centrllugel fan,
and spécial cylinder baffles were used. The coollngwa;r pressure was
regulated by a valve at the fan 1nlct .

" Lubricating oil Wae suppllea ander pressure to the engine by means
of a separately driven gear pump, 0Oil was ‘collected in the engine sv™
and returned to the supply tank by a separately driven gear pump.
brication was provided for the upper ball ends of ‘the push rod-
of drip cups so located that the gooling-air blast car rrieé
onto the pushwrod ends.

L
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Measuring Instruments

Load was provided by an electric dynamometer. Torque was measured‘
by means of a manometer connected to a hydraulically balanced plsnon
attached to the dynamometer arm. Speed was determined by a mechanical
tachometer in conJjunction with a Strobotac operating from a 60~cycle
alternating~current line and. illumlnatlng gtripes pa;nted on bhe fiy-
wheel

Air flow was measured by a sharp-edge orifice installe& in a 3~inch
pipe line in accordance with the specifications of reference 3. TFuel
flow was measured oy a callbrated rotameter.

Svark advance was measured‘W1th g neon light revolving with the
crankshaft adjacent to a stationary protractor.

Standard laboratory eqﬁipmént was used to measure tempsratures
and pressures. '

Both heavy— and llght~spr1ng indicator cards were taken with thy
M.I.T. balanced.pressure diaphragm indicator unit (reference k).

Valve Timing

Valve timing was measured during actual running by means of elec—
trical strain gages cemented to the push rods and ccnnected through
flexible leads to a 90-volt battery and ballast resistor. The variation
in electrical resistance of the strain gage caused by changes in strain
in the push rod ceused a variation in voltage drop across the strain
gage. This variation was amplified by the y—-axis amplifier of a DuMont
type 208 oscillograrh. The resulting pattern which appeared on the _
oscillograph screen was a strain—time picture of the push-rod operating
cycle which showed a clearly defined beginning and end. An electrical
timing impulse wag provided by a breaker operating at crankshaft speed
and this impulse was superimposed on the push-rod strain patvern., By
rotating the breaker, this impulse trace could be alined with the begin—
ning or end of the push~rod strain pattern, and by using this-impulge to .
flash the neon spark-timing light, the crank angle corresponding to the
beginning or end of the valve motion could be measured.

By means of the timing apparatus Just described, operating valve
clearance was held at 0.045 inch at the cam during all tests., For pur-
poses of computing the average flow coefficient, the valve-lift curve
was based on the cam lift above the clearance line, as shown in figure
6. The opening and closing angles used to ;dentlfy valve thLnV were
taken at the intersection of the constantwvelocity 'vemps" and the cam—
acceleration curves, in (cbordance with ususl practice. (See fig. 6.) .
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VALVE FLOW CAPACITIES

In determinlng the oomblnatzons of 1nlet~ and exhaust—valve lifts
to be tested,; it was decided to simulate, as far as possible, the de-
gign restrictions imposed by the engine cylinder. Figure 1l(a) is a
cross section of this cylinder, while figure 1(b) shows the head angles
actually occupied by the outside diameters of the inlet and the exhaust
valve, and the angles corresponding to the spaces between the valves
themselves and between the valves and the top of .the cylinder barrel.

With. reference to flgure l(b), 1t was assumed that ang*es 81, Bz,
and 63 would be held constant for structural reasons. The two valves
occupied a total angle (94 + 8g) of 9h° In varying inlet- and

exhaust—valve  diameters, this’ 9h° angle theoretlcally could be distrib~
uted between the two valves in any proportion. The resulting theoreti-

cal diameters over s reasonable range are shown in figure 7.

The average flow coefficients of the inlet and exhaust valves were
determined from the results of the steady-flow tests (fig. 8) and the
valve--1ift and crank—angle relationships. The resulting curves of .
average flow coefficient are shown in figure G.

Inlet— and exhaust—valve flow-capacity relationships are shown in
figure 10. The space within the dotted rectengle of figure 10 repre—
sents the flow capacities that could be obtained with the apparatus.

The curve A-B represents the variation in flow capacities that wovld
have been obtained if the valve diameters had been. changsd in accordance
with the values shown in figure 7, maintaining a maximum (valve 1ift/
valve dJame+er) ratio of 0.225 for each valve. ZBecause it was impracti-—
cable to run the engine with lifts higher than 1/2 inch, it was not
possible to operate along curve A-B, The curve C-D was therefore chosen
as a basis because 1t allowed a wide range of inlet~to-exhaust valve
flow capacities without exceeding a maximum 1ift of 1/2 inch for either
valve. Curve C-D repressnts the valve flow-capacity relationships in a
geometrically similar cylinder head of smaller size than the cylinder .
actually used, but with available space for valves similarly utilized.
Figure 11 shows the valve lifts required to give the valve flov capaci—
ties of curve C~D of figure 10.

METHOD OF TEST

Thirteen runs wers made during the investigation. Data on valve
lifts, flow capacities, and valve timing for these runs are given in
table I. The rune have also been designated by number on figures 10
and ‘11 to permit a ready appraisal of the variationg in flow capacities
and valve lifts,
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Runs 1 through % were made with valve flow capacities represented
by curve C-D of figure 10. In these runs cams of 265 crank degrecs nom-
inal opening were used for both 1nlet and exhaust and the valve timing
was unohanged -

Runs 6 and 12 vere made at- the same flow capacwtxes as run 5, hut
with different valve timing for the inlet valve to determine whether an
improvement in performance could be obtained. Similarly, runs 7 and 10
were made at the same flow capacities as run 1, but with different tim-
ings for the exhaust valve. Runs 1l and 13 were made at the same flow
capacities ag run 3, but an early exhaust opening was used ior run 11
and & late inlet closlng wag used for run 13,

Runs 8 and 9 were made to show, along-With run 3, the effect on
engine performance when the exhaust— and inlet-—valve flow capacities
are changed, but the exhaust-valve flow capacity is kept equal to inlet~
valve flow capacity. The same valve timings were used for runs 3, 8,
and 9 < ' : :

The f0110W1ng englne condltionq were held constant durlng these
testa:

Inlet pressure, in. Hg abg , . . v + ¢ 4 v o v ¢ ¢ ¢ o s o« « W« . . 33

Exhevst pressure, in. HZ @abs . . . + « « v ¢ 4 ¢ 4 o o 0 e s . . . . 33
Inlet-air temperature, °F . . . . T -
Rear-spark-plug~gasket temperature, OF 450,
Inlet~oil temperature, °F . . . . . . . . . ¢ . 4 v 0 4 0. ... . 150
Fuel—2lr 1atio o © v ¢ o o v o o 4 o v e 0 e e e e e e e e e e O 075
Fuel . . Vi it s s i e e s e e e s e e e e e e e e s s LOO~ochane
Spark advante. + . « « « + 4 o s s 4 e s s se e 4« o s« . best power
Compression ratio. . . . « o « « o v o o v o h e e e v e s e e oL 55

For each setting of the valves and valve timing, readings were
taken at various speeds from 300 to 2600 rpm.

' RESULTS AND DISCUSSION

The resulte of the tests are presented in figures 12 to 23. The
findings of prihcipal interest are given in figure 12, which shows vari-
ation in volumetric efficiency with engine speed, and figure- 13, ‘which
shows variation in indicated mean effective pressure, brake mean effec~
tive pressure, end pumping mean effective pressure with engine speed for
runs 1 through 5 in which the inlet— and exhaust—valve flow cepacities
are chenged along the curve C-D of figuire 10. In the following discus—
sion, the ratio of exhaust-—-velve flow capacity to inlet-valve flow capac—
ity will be termed the "flow-capacity ratio."
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In 1nterpret1ng figures 12 and 13, it is necessary to make allowance
for the fact that, in these tests, Tlow capacities of the valves, at any
given flow-capacity ratio, were considerably less than they would have
been if a series of cylinders of the same size and shape but with differ-
ent valve diameters had been used, as suggested in figures 1 and 7. To
assist in interpreting figures 12 and 13 as they would apply'to a series
~of cyllnders of the same size but with different relative valve diameters,
a term "normal piston speed” has been plotted along the abscissa scale
of fﬁgures 12 and 13 .

By referring to figure 10, it will b= ‘seen than the . curve A-B; for
a set of cylinders with varying valve sizes, has valve flow capacities
at a given flow~capacity ratio which are considarably higher then the
flow capacities (curve C-D) of the cylinder used in these teste, when ’
valve 1lift instead of valve size was varied.

Reference 1 indicates that, with glven inlet and exhaust conditions,
volumetric efficiency depends on the ratio of piston speed to inlet-valve
flow capacity. Assuming this to be the case when both inlet~ and exhaust~
valve capacities are varied, it is eyident that; for the same volumetric
efficiency, the engine represented by the line A-B will run at a consid—
erably higher piston speed than the engine repressented by line C~D.

With the condition of equal inlet and exhaust valves as a reference
point, the ratio of DPCgy for the engine with variable valve diameters

to DFCay . for the englne with varying valve lifts 1is. ~4im = 1, 3h
/

Thus "normal" piston speed, or the piston speed of the englne with vary-
ing valve sizes would presumably be 1.34 times the piston speed of. the
engine with variable wvalve lifts to gitve the same volumetric efficliency
with a given ratio of valve flow capacities, The noxrmal piston spesd
plotted under figures 12 and 13 ise, therefore, 1.3k times the piston
speed at which the test englne was run. :

Figure 12 shows that at normal piston speeds between 500 to 1800
feet per minute, variations in flow-capacity ratio have little effect
on volumetric efficiency. ~Above 1800 feet per minute the curves sepa—
rate, and the highest volumetric efficiency at high speeds was obtained
with & flow-capacity ratio of 0.59. This ratio corresponds to a ratio
of exhaust—- to inlet-valve diameter of 0.83 if the two valves are of
similar design. It should be emphasized that this result was obtained
with exhaust pressure held equal to the inlet pressure. For a differ—
ent ratio of exhaust to inlet pressure a different ratio of valve dlem-
eters for optimum volumetric efficiency might be obtalned It ie also
noticeable that the flow-~capacity ratio of 1.00 gives nearly the same
volumetrlc efflclency at 'all speeds as the flow~capa01ty ratio of 0.69.
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Figure 13 shows breke mean effectlve pressure as measured by dyna—
mometer torque and indicated mean effective pressure and pumping mean
effective pressure as measured from the indicator cards. This figure

shows that, in the range of normal piston speed between 1000 and 2000
feet per mlnute (this range includes normal cruising piston speeds at
the present tlme), the various valve arrangements ‘make' little difference
in the brake mean effective pressure. Above this speed, the highest
brake mean effective pressure is obtained when the valves have a flow—
capacity ratlo of 1.00. :

Figure 13 also shows that indicated mean effective pressure at high
speeds is highest with a flow-capacity ratio of O. 69. This agrees with
figure 12, which shows that a flow-capacity ratio of 0.69 gives the
highest volumetric efficiency at high epceds. The difference in flow—
capacity ratios giving meximum indicated mean effective pressure and
maximum brake mean effective pressure seems attributable to higher pump—
ing losees with the lower flow-capacity ratio; which is confirmed by the
pumping mean effective pressure curves in figure 13. The probable error
in measurements of indicated mean effective pressure and pumplng mean
effective pressure from the indicator cards is rather large, however,
as indicated by the evident dlscrepancies shown at 1500 rpm in figure 13.
It is therefore recommended that the curves of indicated mean effective
pressure and pumping mean effective pressure in this report be inter-
preted with caution,

It is algo quite possible that the small differences between the
curves for flow-capacity ratio 1.00 and flow-capacity ratio O. 69 in both
figures 12 and 13 are within experimental error, in which case it may be
concluded that changes in flow-capacity ratio between 0.69 and 1.00 have
l;ttle effect on performance.

Flguree lh to 21 show resulte of tests made to determine the effects
of several changes in valve timing. The "normal" timing, which was used
in &ll runs plotted in figures 12 and 13, was ag followe:

TOLEL ODOIIB. o v « o o o o o 0 o o o o o 0 o s o 0 0w e e l9° B.T.C.
Inlet CLOSES 4 « v o 4 + o s o 4 o b 4 e e e e e e e e e s 66° A.B.C.
EXh&uS't» Qpens s s 8 s & e 8 a2 @ ‘o S e & o 4 e+ & s & ' e o 9 700 B c-B 0C .

Exhaust cloges . . . . . e e . .o S £ S W1 N 4 8

Figures 1% and 15 give the results of runs 1, 7, and 10, in which,
with a flow-capacity ratio of C.51, three different exhaustwvalve timings
were used, the timing in run 1 being normal. Run 10, in which the ex-
‘haust valve was opened 34° garlier than for run 1, Wlth other valve
events unchanged did not result in any significant improvement in volu-~
metric efficiency, indicated mean effective pressure, end brake mean
effective pressure. Run 7, however, shows that volumetric efficiency,-
indicated mean effective pressurs, and brake mean effective pressure
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were greatly lowered when both the‘opening-andvthe'élosing of the exhaust
valve were made to occur 25° earlier. . = | .

.~ ‘Figures 16 and 17 show that, when the engine is operated with a
flow-capacity ratio of 1.00, opening the exhaust valve 34° -eariier than
normal, with other valve events unchanged, does not result in any nota—
ble improvement in volumetric efficiency or indicated mean effective
pressure. The brake mean effective pressure values are lowered with
the early exhaust—valve opening. v

. The effects of changing inlet—valve timing with a flow-capacity
ratio of 1.79 are shown in figures 18 and 19. As compared with the nor—
mal timing of run %, the inlet valve was opened and.closed 27° later in
.run 6; whereas for run 12 the only change in valve timing wes to close
the inlet valve 35° later. Both of these changes in inlet—valve timing
resulted in lower volumetric efficiency, indicated mean effective pres-—
. sure, and brake mean éffective pressure, in the lower speed range. The
differences in volumetric efficiency, indicated mean effective pressure,
and brake mean effective pressure for the three valve-timings became
less as the speed was ircreased. Above 2100 rpm (corresponding to a
normal piston gpéed of 2500 £t/min) the timing used in run 12 results in
a slightly higher volumetric efficiency. The trend of the curves in
figure 19 suggests that above 2400 rpm (corresponding to a normal piston
speed of 2850 ft/min) the timing used in run 12 would give an increase -
in indicated mean effective pressure and brake mean effective pressure.

Figures 20 and 21 show that, when the engine is operating with a .
flow-capacity ratio of 1.00, closing the inlet valve at 101° 4.B.C, in—
stead of at 66° A.B.C. results in lower volumetric efficiency, indicated
Meen effective pressure, and brake mean effective pressure, over the
speed range investigated. As the engine is operated at higher gpeeds,
however, the differences become less. The trend of the curves indicates
" that, at speeds above the highest used in this investigation, later
inlet-valve closing may give higher volumetric efficiency, indicated
mean effective pressure, and brake mean effective pressure than the nor—
mal timing. ‘ -

Figures 22 and 23 show the effécts of changing the flow capacities
.of the exhaust and inlet valves while maintaining a flow-capacity ratio
of 1.00. The decrease in volumetric efficiency, indicated mean effective
pressurs, and brake mean effective pressure at the higher engine speeds
as the flow capacities are reduced reflects the curtailment in maximum
engine performance when the engine designer does not utilize the maximum
flow capacities possible for the inlet and exhaust valves. In practice,
low valve flow capacities could result from using small valve diameters,
© low valve lifts, or poorly designed valves and ports. (See reference 5.)
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INDICATOR DIAGRAMS

Light—spring indicator diagrams taken during these tests are repro-
duced in figures 24 to 38. Superposition of the individual diagrams was
based on the common inlet and exhaust pressure line (pg = pe = 33 in.
Hg abs.). There is evidence that some of the diagrams, in particular
those of figure 36, are displaced in the pressure direction, -indicating
an error in the location of the "atmospheric" line on the original indi-
cator cards. Caution, therefore, is advised in comparing the various
diagrams quantitetively.

In general, the diagrams show expected trends, that is, that pres-
sure losses through the valves increase with increasing speed and with
decreasing flow capacity. The figures furnish interesting data on the
detailed effects .of the various valve-lift and valve~timing combinations.

CONCLUSIONS -

_ Teets made with a single-cylinder engine to determine the effect
on volumetric efficiency and on engine performance of changing the ratio
of exhaust—valve flow capacity to inlet-valve flow capacity show that,
within the range of the tests and when inlet pressure is m&xanLned
equal to exhsust pregsure:

1. A flow~capacity ratio of approximately 1.00 gives highest brake
mean effective pressure over most of the spsed range. his flow--cepacity
ratio corvesponds to equal diameters for exhaust and inlet valves of
similar desgign. ‘

2. Reducing the flow-capacity ratio from 1.00 to 0.69 effects only
a small reduction in brake mean effective pressure - possibly within the
experimental errors involved.

3. Highest volumetric efficiency over the speed range wag obtained
with a flow-capacity ratio of 0.69. Increasing this ratio to 1.00 gave
only a slight reduction in volumetric efficiency - possibly within ex-
perimental error.

4, Tests with several arrangements of inlet— and exhaust-valve
timing showed no significent improvements in volumetric efiiciency,
indicated mean effective pressure, and brake mean effective pressure
over the vaelues obtained with normal timing (inlet opens 19° B,T.C. and
clogses 66° 4.B.C., and exhaust opens T72° B.B.C. snd closes 1° a.7.C.)
within the range of speeds actually used in the tests. The trend of
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several of the curves showed, howsver, that improvement in output at
higher speeds should be expected with a delayed inlet-valve closing.

Employment of ratios-of exhaust'to inlet pressure nbt equal to 1
might result in a modification of these conclusions.

Massacﬁusetts,Institﬁtevof Technology,
Cambridge, Mass., April 25, 1946.
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TABIE I.~ SCHEDULE OF VAIVE LIFT, VALVE TIMING, AND FLOW COEFFICIENTS FCR ALL TESTS

COET ‘ON NI VOVN

Valve 1ift Loz D‘ c D2C .- Valve timir
(r) </ av av Flow ng

Run ' capac— | Inlet Inlet | Exhaust | Exhaust-

i}‘? opens closes opens closes

Inlet]Exhaust|Inlet {Exhaust| Inlet [Exhaust!Inlet|Exhanst] T8%10 :
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NACA TN No. 1365 ' Fig. 1
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Figure 1.~ Geometry of valve space requirements in an engine
eylinder.
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Fig. 3 NACA TN No. 1365
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NACA TN No. 1365 NOT REPRODUGIBLE Figs. 2,4
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Figure 2.~ Engine set-up.

Figure 4.- Special camshaft assembled and disassembled.
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NACA TN No. 1365 Fig. 7
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Figure 7.- Valve diameter relationships in a valve-in~ihead
cylinder. (Derived from fig. 1.)
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Figure 9.~ Average flow coefficients,
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Fig. 10 - NACA TN No. 1365
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Figure 10.- Valve flow-capacity relationships in a valve~
in-head cylinder, 2



NACA TN No. 1365 Fig. 11
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Figure 11.- Valve lifts corresponding to the flow-capacity
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S



W

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS
8 L Z
\\i‘
() o I~ \\\tQ'\-\‘\
v
> S \"?\u
o ‘
) T
6
- »
Y
G
]
(3} RUN NO. INLET EXHAUST
-~ (SEE FIGS. SYMBOL
r:‘ 1wa 0 Gy D2 Cay
] “ 1 [a] 1.57 .80
g 2 a 1.38 95
~ 3 o) 115 LIS
,2 4 v .97 134
5 < .84 1.50
Pe = P33 (N. HG. ABS. 1.0. 19" B.T.C. E.C. 14°ATC.
GOMP. RATIO=5.5 -
.2
1.C.66° ABGC. EO. 72" 8BC
[}
[ 800 1000 1800 2000 2500
Engine speed, rpm |
|
0 500 1000 1500 2500 3000

2000
Normal piston speed, ft/min

Figure 12.- Volumetric efficiency of an engine with several ratios of exhaust-
valve flow capacity to inlet-valve flow capacity.
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Mean effective pressure, 1lb/sq in.

NACA TN No. 1365 Fig. 13
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Figure 13.- Performance of an engine with several ratios of exhaust-
valve flow capacity to inlet-valve flow capacity.
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NACA TN No. 1365 - Fig. 15

Mean effective pressure, 1b/sq in.
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Figure 15.~ Performance of an engine with small exhaust-valve flow
capacity and three exhaust timing arrangements.

n



116

Volumetric efficiency

Figure 16.-

Engine speed, rpm

Volumetric efficiency of an engine with equal inlet
and exhaust flow capacities and two exhaust timing

arrangements.
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NACA TN No. 1365 Fig. 17

Mean effective pressure, 1lb/sq in.
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Figure 17.- Performance of an engine with equal inlet and exhaust
flow capacities and two exhaust timing arrangements.



Volumetric efficiency
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Figure 18.- Volumetric efficiency of an engine with small inlet-valve flow
capacity and three inlet timing arrangements.
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NACA TN No. 1365 , Fig. 19

Mean effective pressure, lb/sq in.
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Figure 19.- Performance of an engine with small inlet-valve flow
capacity and three inlet timing arrangements.
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Figure 20.- Volumetric efficliency of an engine with equal inlet and

exhaust flow capacities and two inlet timing arrangements.
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NACA TN No. 1365 Fig. 21
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Pigure 21.- Performance of an engine with equal Inlet- énd exhaust-
velve flow capacities and two Inlet timing arrangements.
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Figure 22.- Volumetric efficiency of an engine with equal inlet- and
exhaust-valve flow capacities. Large, intermediate, and
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NACA TN No. 1365 Fig. 23
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Figure 23.- Performance of an engine with equal inlet- and exhaust-

valve flow capacities. Large, intermediate, and small
flow capacities were used,
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Fig. 24

NACA TN No. 1365
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Figure 24.- Light-spring indicator cards. Effect of varying flow-
capacity ratio. Engine speed, 500 rpm; normal velve

timing (see table I). V,, clearance

volume; Vg, displacement volume.
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NACA TN No. 1365 _ Fig. 25
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Figure 25.- Light-spring indicator cards. Effect of varying flow-
capacity ratio. Engine speed, 1500 rpm; normal valve
timing (eee tavle I). V., clearance volume; Vg, displacement vclume,
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Fig. 26 NACA TN No. 13865
Run Inlet Exhaust Flow-capacity
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Figure 26.~ Light-spring indicator cards. Effect of varying flow-

capacit
timing (see table I

J.

ratio. Engine speed, 2500 rpm; normal valve
Ve, clearance volume; Va, displacement volume.,
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NACA TN No. 1365

Fig. 27
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Figure, 27.- Light-gpring indicator cards. Effect of changing valve
. tir%ing. Engine speed, 500 rpm; inlet D3Cgy, 1.568; exhaust

DZC,y, 0.802; flow-capacity ratio, 0.51.
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Fig. 28

NACA TN No. 1365
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Figure 28.- Light-spring indicator cards. Effect of _changing valve
timing. Engine speed, 1500 rpm; inlet chav, 1.569; exhaust
D2Cay, 0.802; flow-capacity ratio, 0.51.
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NACA TN No. 1365 Fig. 29
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Figure 29.- Light-spring indicator cards. Effect of changing valve
timing. Engine speed, 2500 rpm; inlet umomf 1.569; exhaust
D2Cqy, 0.802; flow-capacity ratio, 0.51. 4\



Fig. 30 NACA TN No. 1365
Valve timing
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Figure 30.- Light-spring indicator cards. Effect of changing valve
timing. Engine speed, 500 rpm; inlet D3 Cavy, 1.151; exhaust

DQC&V’

1.155; flow-capacity ratio, 1.00,
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NACA TN No. 1365 Fig. 31

Valve timing
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Figure 31.- Light-spring indicator cards. Effect of changing valve
timing. Engine speed, 1500 rpm; inlet D2Cqy, 1.151; exhaust

D3Cay, 1.155; flow-capacity ratio, 1.00.
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Fig. 32

NACA TN No. 1365

Valve timing
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Figure 32.- Light-spring indicator cards. EZffect of changing valve

timing. Engine speed, 3500 rpm; inlet D3Cgy, 1.151; exbaust
D%Cgy, 1.155; flow-capacity ratié, 1.00. avs ;
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NACA TN No. 1365 Fig. 33

Valve timing
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Figure 33.~- Light-spring indicator cards. Effect of changing valve
timing. Engine speed, 500 rpm; inlet chav: 0.836; exhaust
D2Cgy, 1.500; flow-capacity ratio, 1.79.
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Fig. 34 NACA TN No. 1865

Valve timing

. .C. E.O. E.C.
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Figure 34.- Light-spring indicator cards. Effect of changing valve
timing. Engine speed, 1500 rpm; inlet Dacav, 0.836; exhaust
D3Cay, 1.500; flow-capacity ratio, 1.79,
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NACA TN No. 1365

Valve timing

Fig. 30
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Figure 35.- Light-spring indicator cards. Effect of changing valve
timing. Engine speed, 23500 rpm; inlet D204, 0.836; exhaust

D3Cgy, 1.500

; flow-capacity ratio, 1.79.



Fig. 36

NACA TN No. 1365

Run Inlet Exhaust
D3Cqy D204y
3 1.151 1.155
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Figure 36.- Light-spring indicator carde. Effect of varying valve flow
capacities. Engine speed, 500 rpm; constant flow-capacity
ratio, 1.00; normal valve timing (see table I).
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NACA TN No. 1365 , Fig. 37

Run Inlet Exhaust
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Figure 37.- Light-spring indicator cards. Effect of varying valve flow
capacities. Engine speed, 1500 rpm; constant flow-capacity
ratio, 1.00; normal valve timing (see table I).
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NACA TN No. 1365

Fig. 38
Run Inlet Exhaust
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Figure 38.- Light-.-spring indicator cards. Effect of varying valve flow
‘ capacities. Engine speed, 23500 rpm; constant flow-capacity
ratio, 1.00; normal valve timing (see table I).
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